Abstract The Mont-Dore Massif (500 km 2
Introduction
Two large stratovolcanoes are known in the French Massif Central: the Cantal and the Mont-Dore massifs (Fig. 1a) . The youngest of these edifices (Mont-Dore) covers an area of 500 km 2 , rests on the Variscan basement (Cantagrel and Baubron 1983 ) and was active between 3.1 Ma and 200 ka. The total volume erupted from the Mont-Dore Massif has been estimated at between 220 and 70 km 3 (Brousse 1971;  Editorial responsibility: G. Giordano
Electronic supplementary material The online version of this article (doi:10.1007/s00445-014-0798-6) contains supplementary material, which is available to authorized users. Vincent 1980; Cantagrel and Baubron 1983; Cantagrel and Briot 1990; Figs. 1 and 2) . The massif is composed of two coalescent stratovolcanoes: the Guéry and the Sancy (Baubron and Cantagrel 1980) . The diversity and the wide dispersion of its pyroclastic products have been used for stratigraphic correlation and dating of the Plio-Pleistocene formations in the French Massif Central and elsewhere (Pastre and Cantagrel 2001; Brauer et al. 2007; Pastre et al. 2007; Roulleau et al. 2009; Nomade et al. 2013) . While the explosive history of the younger Sancy stratovolcano is well constrained (Pastre et al. 2007; Nomade et al. 2010 Nomade et al. , 2012 , the older Guéry stratovolcano is only partially known mainly through its distal products found in the Perrier Plateau (Pastre 2004; Bernard et al. 2009; Nomade et al. 2013 ; Fig. 2 ) as well as in several Early Pleistocene sequences from the Velay region (Nomade et al. 2013) . In order to refine and reconstruct the geological evolution of the Guéry complex, we dated 11 volcanic units using the 40 Ar/ 39 Ar method and integrating the new ages into a database of 24 40 Ar/
39
Ar ages covering the Late Pliocene to Early Pleistocene activity of Mont-Dore. It is now possible to construct a robust and coherent tephrostratigraphy integrating both distal and proximal records..
The Guéry stratovolcano: geological background
The volcanic history of the early Mont-Dore Massif started between 6.0 and 3.1 Ma with the emplacement of a few dispersed basanite and more differentiated volcanic products (Cantagrel and Baubron 1983; Pastre and Cantagrel 2001) . The pyroclastic activity of the Guéry stratovolcano sensu stricto started as early as 3.09±0.01 Ma 1 as shown by the recent 40 Ar/
39
Ar age on the lowermost quartz-rich rhyolitic Plinian fall deposits (RP1: Pastre 2004; Nomade et al. 2013 ). The following event was the major fibrous pumice-bearing rhyolitic ignimbrite ("Grande Nappe", GN hereafter) found in the Perrier Plateau only a few metres above the RP1 unit (Nomade et al. 2013 ). The GN is the largest pyroclastic formation of the Mont-Dore Massif with an estimated volume of 5 km 3 (Vincent 1980 ) and was synchronous with the formation of a cryptic "Haute Dordogne" caldera (Vincent 1979; Mossand et al. 1982; Mossand 1983) . However, if this caldera does exist, its morphology is no longer visible because it is concealed by post-caldera magmatic intrusions and the more recent activity of the Sancy stratovolcano. The GN has been dated at 3.07±0.02 Ma (Féraud et al. 1990 ) and is supposed to crop out at the base of the Vendeix-Bourboule pyroclastic succession located on the left bank of the Dordogne River (Pastre and Cantagrel 2001) . Following on the GN, several trachytic pyroclast events recorded in the Perrier Plateau are known to have occurred between 2.76± 0.01 and 2.58±0.01 Ma (Pastre 2004; Nomade et al. 2013) . It is suggested that the Pessy-Pregnoux trachytic pumice also belongs to this activity (Pastre and Cantagrel 2001) . The next pyroclastic cycle occurred from around 2.36 to 1.90 Ma (Nomade et al. 2013; Fig. 1b) , and evidence of this activity is found around the Guéry Lake (2.06±0.06 Ma, Féraud et al. 1990 ; Fig. 2 and Table 1 ) and in the Morangie area (i.e. 1.92± 0.02 Ma, Féraud et al. 1990 ). The last explosive phase, represented by the Creux de Peyrolles and dated at 1.42±0.10 Ma by Lo Bello (1988) , has been re-assessed at 1.46±0.01 Ma by Nomade et al. (2013) (Fig. 3) .
The explosive history outlined above is almost entirely based on the dating of distal pyroclastic deposits and not on the well-mapped pyroclastic pile exposed around the Vendeix stream in the central part of the Mont-Dore Massif (see Pastre and Cantagrel 2001 for detailed stratigraphic sections). As a consequence, correlation between the distal deposits and the various pyroclastic outcrops and sections in the central part of the Massif is based on mineralogical and geochemical similarities (Pastre and Cantagrel 2001) .
Material and methods

Sample description
Eleven pyroclastic horizons were investigated. Details including sample number, local name, GPS location, mineralogical paragenesis and mechanisms of emplacement are summarized in supplementary Table 1 .
Proximal pyroclastic units
Four of the six samples we studied from the central part of the Guéry stratovolcano (08MD-01, 08MD-03 to 08MD-05, see supplementary Table T1 ) were collected from deposits along the Vendeix stream on the left bank of the Dordogne River, south of La Bourboule (Fig. 2) ; the detailed cross section of this area can be found in Fig. 7 of Pastre and Cantagrel (2001) . Based on their mineralogy and chemistry, the four pyroclastic units are considered to belong to the two oldest Guéry explosive cycles (Pastre and Cantagrel 2001) .
Of the four samples taken in the central part of Guéry, sample 08MD-05 from Bourboule bas (BN bas hereafter) is a trachytic pumice and ash flow deposit (PAF hereafter) lying directly on Paleozoic granite; it is known as the "Infrabasale unit" (Ménard 1979) and regarded as the oldest pyroclastic unit of the proximal areas. Sample 08MD-01 from the Vendeix/ Siège rhyolitic PAF (Pastre and Cantagrel 2001) crops out only 500 m away from 08MD-05 at an elevation of 1,026 m above sea level (a.s.l.). Because of its rhyolitic composition as well as the presence of green amphibole (edenite), typical of the early activity of the Guéry, Pastre and Cantagrel (2001) considered that this unit is an intracaldera equivalent of the "Grande Nappe" ignimbrite dated at 3.07±0.02 (Féraud et al. 1990 ). Sample 08MD-03 from east of the Vendeix stream (1,000 m a.s.l.) is a trachytic PAF (V1000 hereafter), and sample 08MD-04 from Bourboule haut (BN haut hereafter) at 1,122 m a.s.l. is the uppermost pyroclastic unit we sampled in this area.
Sample 08MD-06, a trachytic PAF from 1,040 m a.s.l., was collected at Pessy-Pregnoux (PP hereafter) northeast of the Vendeix section (Fig. 2) . This unit is thought to result from the first explosive activity following those of the pyroclastic units we sampled along the Vendeix stream (Pastre and Cantagrel 2001) .
Sample MD08-26 (see supplementary Table 1 ) was collected from within a trachytic PAF unit, about 30 m thick, exposed south of the Guéry Lake (Fig. 2 ) and dated at 2.04± 0.06 Ma by Féraud et al. (1990) . This unit corresponds to the Guéry's middle pyroclastic cycle according to Pastre and Cantagrel (2001) .
Distal pyroclastite samples
We dated four new pyroclastic units within the Perrier Plateau succession (Fig. 3) , all of which are complementary to our initial chronostratigraphic study (Nomade et al. 2013) . Sample PER 142 (Fig. 3b) , a trachytic ash deposit of about 1 m in thickness, also known as the Fournet tuffite (Pastre 2004) , is exposed to the northeast of the villages of Boissac and Pardines (Fig. 3b) . The deposit is remarkable in that it contains a well-preserved flora composed of Fagus, Quercus and Carpinus indicative of temperate conditions (Pastre 1987) . Its pollen spectrum also includes European conifers, haploxylon-type Pinus and some rare Sequoias (Pastre 2004) . Stratigraphically, this ash bed is below the first of the four debris avalanches preserved in the Perrier Plateau and recently dated at 2.58 ± 0.01 Ma (Nomade et al. 2013) (Fig. 3b) . Along with the temperate flora from Sablou de Lossa (Bout 1933; Bout and Marty 1936) , this unit contains some of the best-preserved end-Pliocene flora in France.
Samples PER 139, 144 and 145 ( Fig. 3a, b ; supplementary Table T1 ) are located within a 500-m radius of one another. PER 139 corresponds to the F5b unit described by Pastre (2004) and consisting of large trachytic pumices reworked in the lowermost coarse-pebble alluvium of the Perrier succession that followed the RP1 unit (3.09±0.01 Ma; Nomade et al. 2013) (Fig. 3b) . PER 144 and 145 are respectively from trachytic-Plinian and ash fall deposits cropping out at the Perrier Grottes site Eruptive centers, differentiated rocks (trachyandesite, trachyte, phonolite, rhyolite) Lava flows (basalte, basanite) Major faults
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Per. ( Fig. 3a, b ). These two units lie stratigraphically below the C1 debris avalanche, above the F5b unit discussed above (Fig. 3b) . The last sample, "CEY" (see supplementary Table T1 ), is a latitic fine ash bed collected near Ceyssac, 100 km southeast of the Guéry stratovolcano (Fig. 3c ). This ash bed is found above the "mastodonte sandstone" (Boule 1892) and below the Cey-1 pollen assemblage with an estimated age between 1.7 and 2.5 Ma (Ablin 1991; Defive et al. 2005; Leroy et al. 2011) (Fig. 3c) . The peculiar composition of this ash bed (latite) (see supplementary Table 1 ) is only known SE of the Guéry stratovolcano at the base of the Fontaine salée volcanic sequence below the rhyolitic pumice fall deposit dated by Féraud et al. (1990) at 1.93±0.01 Ma (Pastre and Cantagrel 2001) . The Ceyssac section is covered by two lava flows dated by K/Ar at 1.11±0.05 Ma (Couthures and Pastre 1983) and 0.85±0.1 Ma (Cassignol in Girod et al. 1979) . Pristine sanidine crystals ranging in size from 250 to 400 μm were concentrated through several density separations using lithium metatungstate (LMT) heavy liquid. The crystals were handpicked under a binocular microscope and then gently leached for 5 min in a 7 % HF acid solution in order to remove adhered groundmass. After leaching and sizing, between 20 and 30 grains were finally selected for each sample. For the Ceyssac tephra, after removal of all the milky crystals under the binocular microscope, about 60 mg of pristine plagioclase (150-250 μm) was selected.
Ardèche Valley
The sanidine samples were irradiated in the β1 tube of an Osiris reactor (CEA Saclay, France; Irr. 12, 23, 31 and 35 for respective durations of 50, 120, 90 and 120 min). Following their irradiation, single crystals from each sample were individually transferred into a stainless-steel sample holder and then loaded into a differential vacuum Cleartran® window. After a further slight leaching using a 25-W CO 2 laser (Synrad®) at 2.5 % of the full laser power, the single crystals were fused at about 15 % of the full laser power. For the Ceyssac tephra, about 30 mg of the plagioclase was step-heated using a defocused laser beam (3 to 15 % of the laser power). Ar isotopes were analysed using a VG5400 mass spectrometer equipped with a single ion counter (Balzers® SEV 217 SEN) following the procedure outlined in Nomade et al. (2010) . Neutron fluence (J) was monitored by co-irradiation of Alder Creek Sanidine (ACs-2; Nomade et al. 2005) . The J values were calculated using an age of 1.193 Ma (Nomade et al. 2005 )
Chambon Lake Fig. 4 Age-probability distribution spectra, individual age analyses (1σ analytical uncertainties) and corresponding inverse isochron plots for the Bourboule-Vendeix stream section samples. Black and white boxes are juvenile and inherited crystals, respectively and the total decay constant of Steiger and Jäger (1977 Table T2 . Data reduction and isochron regressions were calculated using ArAr CALC (Koppers 2002) . Age-probability density spectra with individual single crystal ages (1σ), plateau-age spectra for the Ceyssac tephra and the corresponding isochron for each sample are shown in Figs. 4, 5, 6 , and 7. The cutoff for a statistically homogeneous sanidine crystal population was taken for a probability of fit (P) of 0.05 (95 % confidence).
Bourboule-Vendeix section (08MD-01, 08MD-03-05)
The Bourboule-Vendeix section ranges in age from 2.86± 0.05 Ma mean square weighted deviation (MSWD)=1.0, P= 0.5) to 2.67 ± 0.01 Ma (MSWD = 1.6, P= 0.1) (Fig. 4) . Corresponding age-probability density spectra indicate that three pyroclastic units (represented by samples 08MD-05, MD-01 and MD03) contain xenocrysts (Fig. 4) (Fig. 4) . The analysed crystals displayed high radiogenic 40 Ar*, so it was not possible to obtain precise atmospheric initial ratios (Fig. 4 and Table 1 ). Despite this limitation, the ages derived from inverse isochrons are identical to that calculated from the most probable mode (Table 1) .
Pessy-Pregnoux and Guéry (08MD-06, MD-26)
Sample 08MD-06 (PP) is dated at 2.70 ± 0.01 Ma (MSWD = 1.5, P= 0.1), similar to the dates from the Vendeix stream pyroclastic units, whereas sample 08MD-26 from the PAF unit south of the Guéry Lake is younger (i.e. 2.08± 0.01 Ma; MSWD =0.8, P=0.6). With the exception of a single crystal in sample 08MD-06 (Fig. 4) , the corresponding age-probability density spectra indicate a simple mode. The corresponding isochron plots display initial 40 Ar/ 36 Ar intercept values identical to the current atmospheric one and so indicate no excess argon component ( Fig. 4; Table 1 ).
Perrier Plateau distal deposits
The four new ages for the Perrier Plateau units range from 2.69 ±0.01 Ma (MSWD = 1.1, P= 0.4) to 2.59 ± 0.01 Ma (MSWD=0.7, P=0.7). Corresponding probability diagrams suggest the presence of xenocrysts, as indicated by tailed age distributions (sample PER 145) and multi-modes (samples PER 142, PER 139; Fig. 6 ). However, juvenile crystals are so prominent in all cases that calculating reliable ages is feasible, especially as none of the samples have excess 40 Ar* (the isochrons show atmospheric 40 Ar/ 36 Ar initial intercepts; Fig. 6 ). The date of sample PER 142 (2.69±0.01 Ma) gives the best age estimation for the flora found in this unit. The ages of the two trachytic fall deposits exposed at the "Perrier Grottes" are, respectively, 2.60±0.01 Ma (MSWD=1.2, P=0.2) and 2.59±0.01 Ma (MSWD=0.7, P=0.7).
Ceyssac tephra
The plagioclase from the Ceyssac tephra gives an age of 1.91 ±0.01 Ma (MSWD=0.9, P=0.5).
Step-heating experiments yielded concordant spectra, including 100 % of the gas released (Fig. 5) Ar intercept, determined rather imprecisely, is atmospheric (268±38) indicating no excess argon.
Discussion
Chronology of the Guéry explosive activity
Our new 40 Ar/ 39 Ar ages range from 2.86±0.01 to 1.91± 0.02 Ma (Table 1) . Along with the already published ages, this gives a total of 24 pyroclastic units from the Guéry that have now been dated (Table 1) . Consequently, we have been able to establish a tephrochronology and illustrate the timing of the successive cycles of explosive eruption activity using a probability diagram (Fig. 8) . The overall explosive history of this edifice lasted about 1.6 My, between 3.1 and 1.5 Ma, with four cycles referred hereafter as G.I, G.II, G.III and G.IV.
In this work, we did not sample and date deposits belonging to the G.I. The two oldest units that we have sampled in the proximal regions of the Guéry are deposited directly on granite bedrock in the inner part of the Guéry and dated at 2.86±0.01 Ma (08MD-05) and 2.74±0.01 Ma (08MD-01). These units were originally considered to belong to G.I Ar age spectrum (left) and inverse isochron (right) for the Ceyssac tephra layer (1σ analytical uncertainties) (Ménard 1979; Pastre 1987; Pastre and Cantagrel 2001) and, therefore, to be older than 3 Ma (see Fig. 9 ). The lack of deposit related to the first explosive eruption cycle of the Guéry in the proximal areas is probably due to the formation and following subsidence of the "Haute Dordogne" caldera. According to the age we obtained for the Vendeix/Siege PAF unit (08MD-01) and despite its chemical, lithological and mineralogical similarities with the GN event (see supplementary Table 1 ), this eruption corresponds to a rhyolitic activity within the G.II trachytic cycle. The contradiction between previous work and ours is due mainly to the difficulties involved in undertaking classical stratigraphic studies in complex stratovolcanoes without good chronological control and/ or clear field relationships. Indeed, the small volumes of pyroclastic deposits (<1 km 3 ) in a volcanotectonic context, like the one we studied, tend to be channelled down valleys and into topographic lows and are thus only found in a restricted area (cf. Paquereau Lebti et al. 2006) . The paleotopographic control and channelling of the pyroclastic products are known for the youngest part of the Massif (Nomade et al. 2012) , and it seems reasonable to hypothesise the same for the oldest part of the volcano as suggested by the V1000 pumice flow (08MD-03) dated at 2.67±0.01 Ma. This unit is located at an altitude of 1,025 m, 100 m below BN haut (08MD-04) at 1,122 m a.s.l. and dated at 2.73±0.01 Ma, which would indicate that the V1000 unit is nested within older units located at a higher altitude (see Fig. 9 ). Another argument is given by the PP unit (2.70±0.01 Ma, 1,039 m) that crops out 85 m lower than the older BN haut unit (2.73± 0.01 Ma) (Fig. 2) . It had originally been suggested, based on the work of Duffell (1999) , that the PP unit was emplaced between 2.60 and 2.55 Ma (Fig. 9) . The 2.70±0.01-Ma age of this unit is therefore older than expected, although Pastre and Cantagrel (2001) had already suggested that it belonged to the same explosive cycle (G.II). Excluding the unit we dated at 2.86 Ma, our data show that the 100-to locally 200-m-thick pyroclastic piles exposed on the left bank of the Dordogne River were emplaced between 2.74±0.01 and 2.67±0.01 Ma.
The distal products of the Perrier Plateau that we dated range from 2.69±0.01 Ma (MSWD=1.1, P=0.4) and 2.59± 0.01 Ma (MSWD=0.7, P=0.7). Apart from two rhyolitic deposits belonging to G.I (PER 128 and Roca Neyra, Fig. 8 Chronology of the pyroclastic units of the Guéry stratovolcano. Individual mean ages as well as individual single-crystal ages were recalculated according to the Kuiper et al. (2008) calibration. Grey circles and squares correspond to the ages from this study and black ones to previous studies. GN and PA correspond to the Grande Nappe and the Perrier debris avalanches, respectively Fig. 3b, Table 1 ), together about 10 m thick, the entire Perrier Plateau pyroclastic sequence, locally as thick as 150 m, was emplaced during the G.II cycle (i.e. 2.76±0.01 Ma (sample PER 105) to 2.58±0.01 (Perrier Avalanche C1, Nomade et al. 2013) (Fig. 8 , Table 1 and supplementary Table 1 ). The end of the G.II cycle corresponds to several major events that probably occurred within less than 20 ky, starting with the two eruptions recorded in the Perrier Grottes area, respectively dated at 2.60±0.01 and 2.59±0.01 Ma and ending with four debris avalanches (Pastre 2004; Bernard et al. 2009 ) which fossilized the Perrier plateau sequence (Fig. 3a, b) . If the debris avalanches C1 to C3 have been emplaced rapidly (Pastre 2004; Bernard et al. 2009 ) around 2.58 Ma (Nomade et al. 2013) , the unconformity observed between the third (C3) and fourth (C4) avalanches suggests a period of fluvial incision (Bernard et al. 2009 ). Excluding C4, the short period of activity between 2.61 and 2.58 Ma represents the major part of the volcanic products, locally 100 m thick, found in the Perrier Plateau. The activity at the end of G.II is related to the sudden collapse and resulting debris avalanche coming from the northeastern part of the Guéry (Besson 1978; Morel 1987; Pastre 2004; Bernard et al. 2009) , which is why this activity is not found on the left bank of the Dordogne River (Fig. 8) . The volcanic products from the Guéry volcano, destabilized at the Plio-Pleistocene boundary, were channelled down an E-W valley known as the paleo-Couze Pavin River (Bernard et al. 2009 ). G.II and G.I are distinct in terms of duration, eruptive style and emitted products. G.I is shorter and lasted from 3.09 and 3.02 Ma with exclusive rhyolitic products; it is associated with the formation of a caldera. G.II is constituted of more eruptions (a least ten) of both trachytic and rhyolitic composition and lasted from 2.86 and 2.59 Ma. This highly explosive activity without caldera formation during G.II favoured the edification of a high volcanic structure, which collapsed westward several times, the first collapse being estimated at 2.58 Ma ago. It is currently difficult to have a volumetric evaluation of the total product emitted during G.II, but the local thicknesses of several units exceeding 20 m in the proximal areas suggest eruptions in the order of 1 km 3 and a total volume that may exceed the one emitted during G.I.
The age of the Guéry PAF unit (i.e. 2.08±0.01 Ma) is consistent with the age given by Féraud et al. (1990) . The unit Nomade et al. (2012) is part of the Guéry's third explosive cycle (G.III), which is not found west of the Mont-Dore Massif where the Vendeix 1,000 unit (2.67±0.01 Ma) is immediately overlain by Sancy pyroclastic units dated at between 1.10 and 1.01 Ma (Nomade et al. 2012; Fig. 9 ). According to the ages, chemistry and mineralogical assemblages (see supplementary Table 1 ) published on the tephra layers found in the sedimentary fill of the Senèze maar (ranging from 2.18 to 2.08 Ma; Nomade et al. 2013 ; Fig. 8 ), the Guéry PAF unit is the proximal equivalent of these events. The Senèze and Chilhac ash deposits suggest that the beginning of G.III encompassed at least six large trachytic eruptions (Fig. 8) , but only one is currently known in the proximal record of the Guéry stratovolcano. The Guéry PAF deposit is found sandwiched between two pyroclastic units with large phonolitic blocks that were not sampled. The age for the latitic Ceyssac tephra is 1.91±0.01 Ma (MSWD=0.9). This age agrees with the one obtained by Féraud et al. (1990) for the Morangie rhyolitic pumice deposit that overlies the only latitic plagioclase pumice deposit known during the G.III activity of the Guéry (Pastre and Cantagrel 2001) . These two units mark the end of the G.III cycle ( Fig. 8 and Table 1 ). Furthermore, the age of the Ceyssac tephra is the best radiometric age for the large mammalian fauna described by Boule (1892). G.III and G.II each lasted longer than G.I and display larger chemical diversity. Furthermore, the occurrence of deposits housing phonolite blocks below and above the Guéry PAF suggests that trachytic products emitted during G.III were associated temporally to the emission of phonolitic products. This hypothesis is reinforced by the ages between 2.2 and 2.1 Ma obtained for the phonolithic domes found NE of the stratovolcano (Cantagrel and Baubron 1983; Cocherie et al. 2009 ). G.III ended 1.9 Ma ago, with at least one large eruptive event of latitic composition. Almost 400 ky after the end of the G.III cycle, the presence of trachytic pumice interbedded in alluvial beds and dated at 1.46±0.01 Ma (Creux de Peyrolles) in the eastern part of the Perrier Plateau (Nomade et al. 2013 ) suggests a more recent but modest pyroclastic activity (G.IV; Fig. 8 ). This activity is not found in the proximal area of the Guéry (Fig. 8) .
About the age of the Fournet flora
The paleo-flora sites, as well as the numerous large-mammal fauna found in the Perrier Plateau area (Nomade et al. 2013) , are local indicators of the paleoenvironmental mid-latitude and altitude conditions at the Pliocene-Pleistocene transition. The global temperature in the northern hemisphere gradually dropped during the Late Pliocene, along with an increase in glacial activity (Haug et al. 2005; Raymo et al. 2006; Lisiecki and Raymo 2007) . Climates became progressively cooler and drier, with the warm and humid forest habitat being replaced by savanna-like environments favourable to the spread of large herbivores. According to the 2.69 ± 0.01-Ma age obtained for the flora in the Fournet tuffite unit, it would appear that the warm and humid forest habitat had already decreased significantly at this early period corresponding to one of the first marked large climatic oscillations known as G5 (2.72 to 2.69 Ma; Lisiecki and Raymo 2005; Fig. 10) . This new date is in agreement with the gradual increase of several taxa (Gazella borbonica, Leptobos elatus and Leptobos bravardi) considered as inhabiting open land and the gradual decrease of tropical forests during the same period (i.e. 2.8-2.6 Ma; Nomade et al. 2013) . The end-Pliocene faunal and floral assemblages found in the vicinity of the Perrier Plateau generally indicate the increasing importance of large grazing animals and the presence of woodlands populated with mostly temperate forest taxa, suggesting that the fauna and flora in France reacted rapidly to the environmental changes at the onset of the Northern Hemisphere glaciation between 2.6 and 2.7 Ma (Raymo et al. 2006; Lisiecki and Raymo 2007 Ar ages (including those presented above) covering the pyroclastic activity of the Mont-Dore Massif (Table 1 ). In Fig. 10 , we plot all the available 40 Ar/ 39 Ar ages for this pyroclastic activity and present a general probability distribution built using all the analysed single crystals to illustrate the period. On the left, we show the Late Pliocene to Early Pleistocene sites of megafauna (Nomade et al. 2013 ) and flora (this study) that we dated using the volcanic products from the Guéry stratovolcano; they are local indicators of the paleoenvironmental conditions which have been precisely dated and compared with the δ
18
O benthic stacks of Lisiecki and Raymo (2005) that represent a global climatic record.
A total of eight explosive cycles are recognized for the Mont-Dore Massif (Fig. 10) . The duration, the number of events and the volume of emitted products, as well as eruptive style, vary greatly from one cycle to another (see details above for the Guéry stratovolcano and Nomade et al. 2012 for the Sancy stratovolcano). Our compilation highlights the fact that both proximal and distal records are crucial to achieve a comprehensive reconstruction of the explosive activity in complex and old volcanic edifices. This is particularly true for the oldest Guéry stratovolcano that underwent several erosional phases not only between each explosive eruption cycle but also between the end of its activity 1.46 Ma ago and the beginning of the Sancy activity 1.1 Ma ago. Furthermore, it is important to notice that the SW part of this stratovolcano was destroyed or sealed by the formation of the Sancy (Fig. 2) . The 2.8-My activity of the Mont-Dore Massif included periods of relative quiescence periods where no deposits have been found (Fig. 10) . These quiescence periods may be real dormancy or periods of reduced intensity of the explosive eruptive activity with limited volumes and therefore characterized by poorly dispersed products covered by younger ones or simply removed by erosion. Current knowledge and geological survey of the two volcanoes are insufficient to fully understand these periods. However, it is worth mentioning that the longest of these periods occurred between the G.III and G.IV cycles (about 400 ky) and the G.I and C.I cycles (about 350 ky), thus between the Guéry and Sancy volcanic activities (Fig. 10) . In general, these periods of relative quiescence between phases of intense explosive construction, both for the Guéry and the Sancy, did not exceed 140 ky (Fig. 10) ; the 200-ky period between G.II and G.III is unusually long and may be related to a major disturbance following the major flank collapses and resulting mass rockslides recorded in the Perrier Plateau at the Plio-Pleistocene boundary (Fig. 10) . These events deeply modified the Guéry topography and were followed by the emplacement (dated between 2.40 and 2.10 Ma) of large rhyolitic and phonolitic intrusions in the central part of the volcano (e.g. Puy de Chantauzet, Roche Sanadoire; Bellon et al. 1972; Mossand et al. 1982; Cantagrel and Baubron 1983; Cocherie et al. 2009 ).
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